As the nutrition and growth of young maize seedlings involve the transformation of a relatively large quantity of stored starch into glucose and related carbohydrates, and the utilization of this carbohydrate material--conditions at least analogous to the liberation and utilization of blood sugar in the animal body--maize seedlings were treated with glucokinin or with insulin to determine whether the utilization of carbohydrates could be influenced in plants as in animals. Qualitative experiments have been reported previously (Ellis and Eyster (1923) ) showing that maize seedlings are affected in a number of ways when treated with glucokinin or insulin. In the present paper quantitative changes in growth of very young maize seedlings are considered. Although growth is not dependent upon the consumption of carbohydrates alone, growth has been used as an index of general metabolism, and, therefore, indirectly of the carbohydrate metabolism of the plant, as the energy of the seedling was expended very largely in growth during the period through which the carbohydrates of the endosperm were being consumed.
The grains were surface sterilized with calcium hypochlorite (Wilson (1915) ) and then germinated either in sand or on moist filter paper.
[n from 5 to 7 days, when the primary roots of the seedlings were from 2 to 4 inches in length, the seedlings were carefully removed and placed in large fiat trays for inspection preliminary to the selection of the plants that were to be used in the experiment. Any plants that differed from the general average in size or other respects, were rejected and the remainder separated into as many lots as were required for the several series of the experiment. Each seedling was transferred to a 25 cc. test-tube which contained 20 cc. of distilled water, or distilled water and known quantities of either glucokinin or insulin. Each plant was supported at the top of the test-tube by a bit of cotton which held the endosperm above the fluid. The tubes containing the seedlings were held upright in a pasteboard box by being placed in equally spaced holes in the lid of the box. The roots were also protected from the light in this way. All plants were kept in a greenhouse under conditions favorable for growth. This method of germinating the grains and growing the plants gave satisfactory results as evidenced by the fact that very few seedlings became diseased and had to be eliminated from the experiments.
The experiments extended over a period of from 3 to 8 days during which time the amount of fluid was kept approximately constant by the addition, from time to time, of distilled water to replace the water used by the plant or lost by evaporation. At the end of the experiment the weights of the top, root, and in some cases of the endosperm, of each individual plant were taken. Just before weighing each seedling was carefully blotted between dry filter papers to remove any fluid on the outside of the plant.
Experiments with Untreated Plants.
In order to facilitate the entrance of the test solutions into the plants, the tip (5 to 10 ram.) of the primary root of each seedling was cut off with a sharp razor just before the plant was put into the test solution, thus making it possible for the solution to enter the vascular system directly. The control plants of each experiment were similarly prepared, but to determine the effect of this procedure on untreated plants, 95 carefully selected seedlings were grown in distilled water alone and the root and top growth of those having cut primary roots compared with those having entire roots. There were no observable differences between the tops of the cut and uncut series, but the seedlings with cut roots put out more lateral roots than those with uncut roots. This difference in root growth was evidently the result of the removal of the meristematic tissue at the tip of the primary root. 385 -*-6.14 445 -*-9.06 436 -*-8.11 464 -*-9.02
In this table and the following tables the first letter of the series designation refers to the strain and the second letter to the treatment. All plants belonging to series having the same initial letter are therefore directly comparable as regards pedigree.
The actual weights (Table I) show that the series with cut primary roots had made 17 per cent more top growth and 12 per cent more root growth than the uncut series at the end of the 4th day; that the top weights were the same for both series at the end of the 5th day; and that the cut series was 8 per cent behind the uncut series in top growth although 6 per cent ahead of the uncut series in root growth at the end of the 6th day. These results indicate that the removal of the tip of the primary root did not seriously injure the seedlings and in the following experiments the tip of the primary root of each plant was cut off at the time of treatment unless otherwise specified.
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Experiments with Glucokinin.
The glucokinin was prepared by Collip's method (1923) from onion tops and from young maize plants. Both lots of glucokinin were tested to prove their potency in reducing blood sugar of animals, but no attempt was made to standardize the glucokinin in terms of rabbit-insulin units. The relative strengths of solutions used have been expressed in per cent of crude dry glucokinin dissolved in distilled water (Table II) . As has been noted in previous preliminary experiments, in general the weaker solutions of glucokinin promoted growth of both tops and roots, and the stronger solutions depressed growth below the values found for normal untreated plants grown in distilled water. The tops of plants receiving amounts of glucokinin which promoted growth were sturdier and more vigorous than those of their untreated controls, while the tops of plants treated Mth stronger solutions of glucokinin were smaller, less green, and in many cases the leaves wilted at the tip and died. The contrast in root growth between controls and seedlings grown in strong glucokinin solutions was even more striking, the length and number of the roots being materially reduced, in fact very strong solutions practically stopped all root growth.
In view of the fact that glucokinin is similar to insulin it was thought that it might not be readily dlalyzable as Dudley (1923) and others have shown to be the case with insulin, and, therefore, not easily absorbed by the plant. To test the ability of maize seedlings to absorb glucokinin, 194 plants representing four pedigreed strains were grown in two different solutions of this substance. Each comparable lot of seedlings was divided into two series, one composed of plants having the tip of the primary root removed as described above, and the other with roots intact. In every case the plants with cut roots made greater growth in tops than the seedlings with uncut roots grown in the same strength solution of glucoklnin (Table III) .
Seedlings from Ear 1089-3 (Series Ga, Gb, Gc, Gd, Ge) furnish additional comparisons as 18 of them (Ga) with roots cut, were grown in distilled water alone. The average top weight of these 18 seedlings at the end of 5 days was 586 mg. If this value be compared with the average top weights of the cut but treated plants (Gb, Gc) from this ear, it may be seen that the average top weight of those seedlings grown in a 0.005 per cent glucokinin solution exceeded this weight of Series Ga by 87 mg., and of those grown in 0.5 per cent solution, Gc, by 42 rag. The average top weight of Series Gd, plants with uncut roots grown in 0.005 per cent glucokinin also exceeded the average top weight of Series Ga by 61 rag., but the average top weight of the seedlings of Series Ge, those with uncut roots grown in 0.5 per cent glucokinin, was 35 rag. less than that of the plants with cut roots grown in distilled water, Series Ga. It has been pointed out in Table I that the top growth of seedlings comparable with those of Series G was the same for plants with cut and uncut roots grown in distilled water, at the end of the 5th day. Consequently the difference in top weight at the end of 5 days between the treated seedlings with uncut roots, Series Ge, and those with cut roots grown in distilled water, Ga, must have been due to the action of the glucokinin solution. These results indicate that the growth-promoting substance in the glucokinin solutions was not taken into the plants with uncut roots as rapidly as it was into those with cut roots, presumably by way of the vascular bundles, and also that the solutions of crude glucokinin contained other substances in addition to that promoting growth. The poorer top growth of the seedlings with uncut roots grown in 0.5 per cent glucokinin as compared either with the controls in distilled water or with those seedlings with cut roots grown in 0.5 per cent glucokinin was probably due to the more rapid entry by dialysis of some of the substances in the solution of crude glucokinin other than the growth-promoting substance, which substances, as was shown in another set of experiments, repressed growth. In the case of Series Gc, the plants with cut roots treated with 0.5 per cent glucokinin solution, all of the substances in the solution could enter the plant freely through the vascular bundles, and the action of the growthpromoting substance exceeded that of the other substances.
To verify the conclusion that the more rapid absorption of some substances from the crude glucokinin was responsible for the repressed growth of the seedlings with uncut roots grown in the stronger solutions of glucokinin, experiments were made with dialyzed crude glucokinin. Strong solutions of crude glucokinin were placed in celloidin cells and dialyzed against twice their volumes of distilled water for 18 hours. In the course of this dialysis the non-dialyzable residue stained the celloidin a deep coffee-brown color, so that the solution of residue at the end of the 18 hours was clear and almost colorless, in contrast to the light brown color of the stronger solutions of undialyzed glucokinin. The dialysates were also clear and colorless. Preliminary experiments showed that both residue and dialysate affected the growth and metabolism of maize seedlings (Ellis and Eyster (1923) ). Seedlings treated with glucokinin residue not only made better growth than the untreated controls but showed an increased chlorophyll production. On the other hand, seedlings treated with glucokinin dialysate in many cases exhibited a yellowing and wilting of the leaves, and from the tips of the leaves of the seedlings grown in strong solutions of onion glucokinin dialysate drops of sticky, brown fluid containing glucose were exuded.
In Table IV comparisons of root growth and top growth of seedlings grown in glucokinin residue and dialysate, respectively, are given. The plants treated with glucoki.nin residue always exceeded those grown in glucokinin dialysate solution of the same strength, as well as those grown in distilled water, in both root growth and top growth. Plants treated with glucokinin dialysate, although making less gain in growth than the glucokinin residue plants, frequently exceeded the growth of the plants grown in distilled water. In some cases growth of both tops and roots was repressed by the dialysate solutions.
That the increase in growth produced by the glucokinin residue solutions was due to the presence of purified glucokinin seems evident and was substantiated by all of the tests made either with purified glucokinin or with purified insulin. The less vigorous growth of plants treated with the glucokinln dialysate solutions may have been due to the action of some substance carried over from the raw plant material in the course of the preparation of the glucokinin, or to some substance added during this process. The method followed in the preparation of glucokinin involved the use of but one substance which is not a volatile solvent, namely ammonium sulfate. This salt being crystalline, if carried over in the manufacture of the crude glucokinin, would appear in the dialysate. Any other substance occuring in the dialysate would necessarily come from the plant tissue from which the glucokinin had been extracted.
To determine the source of the active substances found in the glucokinin dlalysate two separations were made. The crude glucokinln solution was treated with ten volumes of 95 per cent alcohol and a crystaJlhie precipitate (Fraction " K ") obtained. Glucokinin dialysate solution was also treated with nine volumes of 95 per cent alcohol and another crystalline precipitate recovered (Fraction "J"). Both precipitates when redissolved and recrystaUized, showed the presence of ammonium sulfate. In Table IV the effect of these two fractions and of two solutions of c.P. ammonium sulfate on the growth of maize seedlings is shown. Both of the ammonium sulfate solutions and Fraction " K " depressed root growth and top growth. Solutions of Fraction "J" promoted the top growth but repressed root growth below that of the distilled water controls. Neither of these two fractions nor the ammonium sulfate solutions had any noticeable effect on the chlorophyll content of the leaves, nor did they cause the exudation of the glucose-containing fluid from the tips of the leaves as was noted in plants treated with dialysate solution of onion glucokinin. From these results it seems probable that a t least three substances were included in the solutions of crude glucokinin: (1) ammonium sulfate, carried over in the manufacture of the glucokinin which repressed growth, (2) some active principle which stimulated growth, and (3) some substance or substances which disturbed the sugar metabolism as previously described. It is entirely possible that the growth-promoting substance in the dialysate may have been a small amount of the growth-promoting substance of the residue which had passed through the celloidin membrane.
Experiments with Insulin.
Crude insulin was prepared from beef pancreas and hog pancreas by the alcohol method without the use of acid. As in the case of the crude glucokinin used in these experiments, all preparations of insulin were tested on animals to prove their potency in lowering blood sugar, but the crude insulin was not standardized in terms of rabbit-insulin units. The relative strengths of the crude insulins are given hi per cent of dry insulin in solution. For highly purified and standardized insulin we are indebted to Dr. G. H. A. Clowes of the Lilly Research Laboratories.
The results obtMned with insulin uniformly were consistent with those obtained with glucokinln, the weaker solutions promoting growth and the very strong solutions repressing it. When crude insulin, or even the highly purified insulin, was dialyzed the residue was more effective in promoting growth than the dialysate. The dialysate solutions may have been less effective in promoting growth than the residue solutions merely because the dialysates contained less insulin, which dialyzes with difficulty, or because of the combined action of such insulin as did pass through the ceUoidin membrane together with other dialyzable substances present in the insulin solution. As neither ammonium sulfate nor acid were used in the preparation of the insulin, the substances repressing growth of plants treated with strong solutions must have come from the animal tissues from which the insulin was prepared. In Table V are given the summarized results of experiments with insulin involving over 500 seedlings of seven inbred strains of maize, including normal greens, pale greens, and albinos. In these experiments the treated plants, without exception, showed greater top growth and root growth at the end of 4 to 7 day periods than their controls grown in distilled water.
As the results of all the experiments indicated that treated plants made better growth in both tops and roots, provided that the amount of insulin given was not too large, a series of seedlings was treated with highly purified insulin to determine whether the increase in growth was correlated with the utilization of stored food in the endosperm. 195 seedlings from the same ear of maize of a strain that had been inbred for four generations were selected with great care for uniform size and condition, and divided into six approximately equal lots. The total weight, and the weights of the top, root, and endosperm of each plant in Series Sa were taken at the beginning of the experiment. The total weight of each plant in each of the five remaining series, Sb to Sf, was also taken at this time. The seedlings were then treated as in the previous experiments and grown in distilled water, Series Sb, in two strengths of insulin, Sc and Sd, in residue solution, Se, and in dialysate solution, Sf. The strengths of the solutions used are given in terms of rabbit-insulin units, as only the highly purified and standarized insulin was used in this test. 
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At the end of 6 days each plant was again weighed as a whole, cut apart, and the individual top, root, and endosperm weighed separately. In Table VI the mean weights of top, root, and endosperm for Series Sb to Sf are given. The difference between the mean weights of the top, root, and endopserm of the treated series, Sc to Sf, and the mean weight of the distilled water controls, Series Sb, are also tabulated. In Table VII the average gain in weight of top and root and the average loss in weight of the endosperm, in terms of the original weights of these parts are listed. The original weights of the top~ (Table VII) . The average final top weights (Table VI) of Series Sd and Sf were, however, slightly less than the final top weight of Series Sb. As the probable errors of these differences show them to be too small to be significant the top growths of Series Sd and Sf were considered as approximately the same as that of Series Sb, the controls. The growth-promoting action of the insulin solutions was evident in all series of treated plants regardless of the strength of solution used, for even Series Sd and Sf made substantial gains in root growth. Plants treated with insulin residue made more than twice the gain in total growth and nearly four times the net gain in growth as compared with the untreated controls. Even those treated with dialysate solution, although merely equalling the controls in top weight made a gain of 40 per cent in total growth and 149 per cent in net growth over the controls. These values are all based on individual growth differences (see Table VI ) which have been shown to be statistically significant as the average differences are all well above three times the probable error of the difference.
Loss of Weight of the Endosperm Compared with the Gain in Growth in
This action of insulin is more striking, however, if the total growth gain, that is the gain in growth of the roots and tops together, be compared with the loss of weight by the endosperm. Not only did the insulin-treated plants make greater gains in growth than did the untreated controls, but these gains were made with less loss of endosperm. As the only food available for these seedlings was that in the endosperm and such food as each plant was able to elaborate for itself, the insulin treated plants must have used the food from the endosperm more efficiently or have produced more food, photosynthetically, than the controls. Possibly both the utilization of food and the production of new food were affected by the insulin. The weight of the seedlings could have been increased only by growth, by the absorption of water and by the insulin taken into the plant.
The last possibility may be dismissed at once as the quantities of insulin used were very small, the strongest solution containing less than 20 rag. of dry substance per 20 cc. That the increase in weight was not due to the simple absorption of water may be checked by the linear measurements of the plants which showed proportional increases in length of roots, length and width of leaves, and diameter of stalk, correlated with the increases in weight, and also by the actual increase in the number of leaves and rootlets. All of these changes call for definite growth increases.
If all of the material represented by the loss in weight of the endosperm be considered as having been transformed without loss into tissue added during growth, and this weight be deducted from the weight of the roots and tops at the end of the experiment before the per cent of increase in growth be computed, the net gain in growth is obtained (Table VII) . From these values it may be seen that even after deducting all of the weight lost by the endosperm from the gain in growth of the roots and tops together, the insulin-treated plants exceed the controls in net growth gains. As it is highly improbable that the material from the endosperm was transformed without loss into tissue, the actual differences in net growth grain were probably greater than those given in the table. This comparison of net growth gains merely states in another way that the endosperm was used more effectively by the treated plants, or that they were able to produce more food than the controls, or that there was some combination of both of these factors.
One series of albinos offers some evidence that the insulin-treated plants actually elaborated more food. Series Nb (Table V) , albino plants treated with beef insulin, exceeded their untreated albino controls by but 8 rag. in top growth in a 4 day test. Series Pb, green segregates from the same ear, treated with the same amount of beef insulin exceeded their green controls, Series Pa, by 111 rag. in top growth in a 5 day test. Photosynthesis was not carried on by these albinos which were pure white and entirely free from either yellow or green pigment, and if insulin promotes the production of food either directly or indirectly through photosynthetic activity the albino plants could derive no benefit from that action of insulin.
The green plants may have made their greater growth either as the direct result of increased food production under the action of insulin or as a result of increased chlorophyll production (which has been shown to follow insulin treatment in some seedlings) which in turn might promote greater food production. Plants lacking both yellow and green pigments may have inherent physiological peculiarities which might account for the differences in the growth of albinos under insulin treatment as compared with the green segregates from the same ear, but in the absence of proof of such peculiarities the relatively slight effect of insulin on the top growth of these albinos seems suggestive.
Considering the separate series, the insulin residue solution was the most active in promoting growth. The residue of one rabbit unit of insulin in 20 cc. of distilled water after dialysis produced top growth approximately equalling that of plants grown in twice the :strength of undialyzed insulin. The dialysate solution from the dialysis in which the residue solution was prepared produced no .appreciable change in top growth although the root growth of plants grown in this solution was about the same as that of plants treated with a solution of undialyzed insulin containing one rabbit unit per 10 cc. These differences are of the same character as those already discussed under the dialysis of glucokinin. As the insulin used in this experiment was highly purified the increase in root growth of the plants grown in dialysate solution may have been the result of t-he presence of some of the growth-promoting substance which had passed through the celloidin into the dialysate.
As the purified insulin was preserved with a very small quantity of tricresol this substance was tested both on plants and animals in the dilutions in which it was present in the solutions used in Series Sc to Sf. No effect was observed. The pit of the distilled water and of the solutions in which all of the plants were grown was frequently taken. All solutions ranged from pH 6.8 to 7.3.
That the changes in growth produced by the various glucokinin and insulin solutions were not the result of differences in nutritive value of the solutions used as compared with distilled water is apparently shown by several facts. The actual amount of material available in the strongest solution was too little to supply more than part of the inorganic salt requirement at most. The experiments with plants having cut and uncut primary roots showed the same strength of solution to have promoted growth in plants with cut roots and repressed growth in plants with uncut roots, as compared with their distilled water controls (see Series G). Had the gain in growth been the result of inorganic salt supply the plants with uncut roots grown in glucokinin solutions should have made better growth than their distilled water controls. In several of the experiments with both glucoldnin and insulin the treated plants made relatively better root growth than top growth suggesting that the growth gain was not made because of the presence of some iron salt which the distilled water did not contain. The experiments with albino plants in particular and all experiments in which the loss of endosperm was studied point to changes in metabolic activity rather than differences in external food supply. It seems probable, therefore, that the action of glucokinin and insulin in promoting growth of maize seedlings is of a specific character rather than one caused by differences in external, available food.
SUMM'ARY.
1. Solutions of glucokinin and insulin, particularly those from which the easily dialyzable substances had been removed, increased the growth of roots and tops of young maize seedlings, as shown by comparisons with untreated seedlings grown in distilled water.
2. Strong solutions of crude glucokinin or of crude insulin repressed growth.
3. Seedlings from which the tips of the primary roots had been removed just before placing the plants in the test solutions made greater gains in both top growth and root growth than seedlings with uncut roots treated with solutions of the same strength. Control experiments showed that this difference in growth was not the result of cutting the roots, and that crude glucokinin and crude insulin contained several substances some of which were more readily absorbed by the plant than others.
4. Purification of crude glucokinin and crude insulin by dialysis showed that the residue of relatively non-dialyzable substance was the growth-promoting fraction.
